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ABSTRACT
Objective: Degree of Conversion (DC) of Resin-
Based composites (RBCs) is a concern and is affected 
by different factors. This study was conducted to 
evaluate the effect of different thicknesses and 
storage times on DC of bulk-fill and universal RBCs 
using the FTIR method. Material and Methods: 
For each of dental composite (Tetric N- Ceram 
Bulk Fill and Tetric N Ceram), 28 samples were 
prepared (14 samples with 2 mm height and 14 
samples with 4 mm height). One and seven days 
(1d and 7d) after storage in an incubator at 37 
˚C, DC was measured and recorded using a FTIR 
device. Data were analyzed using t-test and Three-
Way ANOVA and Tukey Post-Hoc Test. P < 0.05 
was considered statistically significant. Results: 
DC of Bulk-fill composite is greater than universal 
composite. DC at 2 mm thickness is more than 4 
mm. Unlike universal composite, 7d DC of Bulk-
fill composite is greater than 1d. Of course, none 
of these differences are statistically significant 
(P-value > 0.05). Conclusion: Considering the 
limitation of this study, since no difference was 
found between DC of 1d and 7d, 1d DC is sufficient 
for clinical procedures, such as polishing, and the 
laboratory tests.

RESUMO
Objetivo: O grau de conversão (DC) de compósitos à 
base de resina (RBCs) é um assunto que merece cuidado 
e é afetado por diferentes fatores. Este estudo foi 
conduzido para avaliar o efeito de diferentes espessuras 
e tempos de armazenamento no DC de compósitos 
Bulk-fill e compósitos universais usando o método 
FTIR. Material e Métodos: Para cada compósito 
dentário (Tetric N-Ceram Bulk Fill e Tetric N Ceram), 
foram preparadas 28 amostras (14 amostras com 2 mm 
de altura e 14 amostras com 4 mm de altura). Um e 
sete dias (1d e 7d) após o armazenamento em uma 
incubadora a 37 ° C, o DC foi mensurado e registrado 
usando um dispositivo FTIR. Os dados foram analisados 
por meio do teste t, ANOVA três fatores e teste Post-
Hoc de Tukey. P <0,05 foi considerado estatisticamente 
significante. Resultados: O DC do compósito Bulk-
fill é maior que o compósito universal. DC com 2 
mm de espessura é superior a 4 mm. Ao contrário do 
compósito universal, o DC com 7d do Bulk-fill é maior 
que 1d. Obviamente, nenhuma dessas diferenças 
é estatisticamente significante (valor P> 0,05). 
Conclusão: Considerando a limitação deste estudo, 
uma vez que não foi encontrada diferença entre as DC 
de 1d e 7d, a 1d DC é suficiente para procedimentos 
clínicos, como polimento e testes laboratoriais. 
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INTRODUCTION

R ecently, regarding the advance of Resin 
Based Composite (RBC) and bonding 

methods, and the increasing tendency to 
prepare the conservative cavities, RBCs are 
widely used to restore posterior teeth [1]. For 
many years, the use of layering technique with 
a thickness of up to 2 mm has been considered 
as a standard [2]. But this technique is 
time-consuming and creating bubbles or 
contamination between different layers of 
composite is likely. Recently, Bulk-Fill (BF) 
RBCs have been marketed. According to the 
manufacturers’ claims, these composites can 
be inserted in deep cavities in a single layer of 
4-5 mm without the need for a longer curing 
time or more intense light exposure. This 
advantage will result in shorter restoration 
time [3].

The Degree of Conversion (DC) is an 
important factor for the proper functioning 
of RBCs. It was found that there is a direct 
correlation between DC and the physical and 
mechanical properties of RBCs [4,5]. The 
reported DC of BF is different. Ilie [6] reported 
DC of two types of BF as 41.4 % and 43.8 %. 
Another study showed DC 43.6 % to 76.5 % 
for nine BF RBCs [7]. Curing depth and DC 
of BF are measured using several methods 
such as Micro-hardness, Fourier Transform 
Infrared Spectroscopy (FTIR) and Raman 
Spectroscopy. Some studies have found that 
DC of BF is sufficient in 4 mm thickness [2,8-
10], But some investigations reported that all 
BF RBCs were not sufficiently cured in the 
4-mm bulk [11,12].

Although most RBC polymerization 
occurs in the first 20 s, post-cure polymerization 
continues slowly after light curing. Generally, 
it is thought that post-cure polymerization 
is completed within 24 hours after light 
curing [9,13]. Post-cure polymerization of 
RBCs after 24 hours is rarely investigated. A 
study has reported the gradual increase in 
composite hardness during 7 days [9] and 
another research has shown an increase in 

composite DC after 30 days [14]. Only one 
study examined post-cure polymerization of 
BF and showed that their DC increased during 
7 days [15]. 

Therefore, the purpose of this study is 
to evaluate the effect of different thicknesses 
(2 mm and 4 mm) and storage times (1d and 
7d) on DC of bulk-fill and universal RBCs 
using FTIR method. The study null hypothesis 
includes:

1) the RBC type has no effect on DC; 

2) the composite thickness does not 
affect DC;

3) no difference in DC is found between 
two different storage times (1 d and 7 d).

MATERIAL AND METHODS
The materials studied in the present study 

are two nano-hybrid RBCs with A2 shade: 1) 
Tetric N Ceram Bulk-Fill (TNCBF), 2) Tetric N 
Ceram (TNC). The full specifications of them 
are given in table I.

In order to prepare the samples, Teflon 
molds (5 mm diameter× 2 mm or 4 mm 
height) were used. A thin Mylar Strip (Kerr 
Hawe Neosdent, Bioggio, Switzerland) and a 
mold were put on a glass slab. The composites 
were packed bulky into the mold to reach the 
desired height. Next, a Mylar strip and another 
glass slab were placed on the mold, and a 
gentle finger pressure was applied to remove 
excess materials. After that the glass slab was 

Table I - Materials used in this study

Material Shade Type of filler
Filler 

(weight 
%)

Filler
(vol%)

Resin 
matrix

Manu-
facture

Batch 
Nomber

Tetric 
N-Ceram A2

Barium glass, 
Ytterbium, 

Triflouride,Mi-
xed oxid and 
copolymer

80-81 55-57 Dimetha-
crylate

Ivoclar 
Vivaden-

t-Italy
T24404

Tetric 
N-Ceram 

Bulk fill
A2

Barium Glass, 
Ytterbium, 
Trifluoride,

Prepolymer 
and Mixed 

Oxide

75-77 53-55 Dimetha-
crylate

Ivoclar 
Viva-
dent- 
Italy

T29061
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removed from the mold; samples were light 
cured for 20 s from the top using Light-Emitting 
Diode (LED) (Demi Plus, Kerr Hawe Neosdent, 
Bioggio, Switzerland) with head diameter of 8 
mm and intensity 800 mW/cm2 on continuous 
mode. For each RBCs, 14 samples with 2 mm 
height and 14 samples with 4 mm height 
were prepared. In each thickness, half of the 
samples were stored 1 day in an incubator 
(Behdad, Tehran, Iran) in water at 37 ˚C, and 
other samples were stored 7 days. To evaluate 
DC of samples, they were powdered and 
were analyzed with a FTIR spectrometer (IR 
Prestige-21, Shimadzu, Duisburg, Germany). 
The absorbance spectrum was acquired by 
scanning the specimens 10 times over a 1670–
1550 cm-1 range with a resolution of 4 cm-

1. The DC was then calculated by comparing 
the height of the peaks for the methacrylate 
vinyl group in the cured material against that 
in the uncured material, using the following 
formula: 

In the study of the effect of thickness 
on DC by t-test it was found that DC of 2 
mm thickness is greater than 4 mm, but this 
difference was not statistically significant 
(P-value=0.498). Storage time had also no 
significant effect on DC (P-value = 0.815). 

Three-way ANOVA and Tukey Post-Hoc 
were used to study the simultaneous effect of 
two variables on the mean DC of RBCs. unlike 
TNC, 7d DC of TNCBF is more than 1d.

DISCUSSION
The present study has examined DC 

of conventional and BF RBCs with different 
thicknesses and storage times. According to the 
study results, the mean DC of BF is more than 
universal, the mean DC of BF and universal 
RBCs with 2 mm thickness is more than 4 mm. 
Also, DC of BF at 7d was more than 1d, but in 
universal the result was reversed. Of course, 
none of these differences were significant. 
Therefore, all of our three null hypotheses 
were confirmed.

Different methods are used for measuring 
DC, among which FTIR is the most appropriate 
and reliable method widely used [16]. FTIR 
measures C=C bond modulation before and 
after the light curing that is the most sensitive 
method for evaluating DC in RBCs [17].

Regarding the possibility of increasing 
DC of composite restoration up to 24 hours 
after the light curing [18-20] and the 
significant effect of temperature on DC of 

In which the peak height around 1638 
cm-1 and 1608 cm-1 indicating the absorbance 
intensities of aliphatic and aromatic C=C, 
respectively.

The collected data entered software 
SPSS-22 (SPSS Inc., IL, USA) and analyzed 
by Three-way ANOVA, T-test and Tukey Post-
Hoc test. The statistical significance was 
considered as 0.05.

RESULTS
The mean values of DC in RBC samples 

are shown in Table II. According to Table II, 
the highest mean value of DC belongs to Group 
6 and the lowest value belongs to Group 4. 
The mean DC of BF and universal RBCs was 
compared using T-test. The results showed 
that the mean DC of TNCBF is greater than 
TNC. But this difference is not statistically 
significant (P-value = 0.425).

DC %=1 –
[Abs (aliphatic )/  Abs (aromatic)] polymer

[Abs (aliphatic )/  Abs (aromatic)] monomer

Table II - Mean and standard deviation(SD) of DC in studied 
groups

Composite thickness 
(mm)

Storage 
time (day)

Group 
number number Mean ±  SD 

(%)

Tetric N-Ceram

2
1 1 7 53.07 ± 8.25

7 2 7 45.25 ±  8.17

4
1 3 7 47.77 ± 26.36

7 4 7 43.44 ± 13.18

Tetric N-Ceram 
Bulk fill

2
1 5 7 48.25 ± 12.63

7 6 7 55.09 ± 5.00

4
1 7 7 48.92 ± 4.68

7 8 7 50.39 ± 16.65
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composites [21], in the present study, in 
order to obtain more accurate results, all DCs 
were measured after 24 hours storing of cured 
samples in a dark environment at 37 ˚C. Also, 
in the present study, light curing device was 
located tangential on the upper part of the 
mold, which is usually impossible in clinical 
conditions. Therefore, DC values in clinical 
conditions may be less than lab study [22,23].

In the present study, DC of TNCBF was 
48.25-55.09% and DC of TNC was 43.44-
53.07 % (Table II). The normal DC for a 
clinically acceptable restoration has not been 
determined [17], however, various studies 
have considered DC 35-80 % as desirable 
[24]. Therefore, all DCs obtained in the 
present study are acceptable. It seems that the 
difference in the results of various studies can 
be attributed to several factors such as various 
time intervals between sample preparation 
and laboratory test, type of the mold, the 
curing methods as well as the temperature 
conditions and the storage environment of the 
samples after preparation [25].

According to the study results, DC of BF is 
greater than universal. This result is consistent 
with many of the previous studies [3,26-28]. 
Of course, the results of this study, unlike other 
studies, are not statistically significant. P Yu 
et al. concluded that with increasing depth, 
BF shows better DC than other RBCs. In their 
study, DC after 24 hours with 2 mm thickness 
for TNC and TNCBF was 59.78 % and 56.22 
%, respectively and 56.11 % and 55.46 % with 
4 mm thickness, respectively, which are close 
to each other like the present study as well as 
no significant difference was found between 
two thicknesses of two RBC types [29]. 

Several factors such as size and 
composition of the filler, translucency, light 
intensity, curing time, monomer composition 
and initiator concentration can have a 
significant effect on DC of RBCs [30]. In 
filler structure of TNCBF, pre-polymerized 
particles (PPF) containing inorganic barium 
glass and silica are used, which have a good 

effect on radiation energy absorption and 
polymerization. Due to application of PPF, 
RBCs like TNCBF are able to achieve a high 
filler load while maintaining a low specific 
surface between inorganic fillers and organic 
matrix [3,23,27,28]. 

The lack of coordination between 
refractive index of filler and matrix lead 
to light scattering and reducing absorbed 
optical energy by RBC and consequently 
the restoration DC. Hence, one of the most 
suitable methods for increasing the composite 
restoration DC is to increase its translucency 
by establishing the coordination between 
the refractive index of filler and matrix [20]. 
According to the claims of the manufacturers, 
TNCBF has higher translucency than TNC, 
which allows for more (about 15 %) light 
penetration [29].

The type of photo-initiator of RBCs will 
have a significant effect on their DC [31,32]. 
In recent years, studies indicate the low ability 
of camphorquinone (CQ) initiator to create 
free radicals and lower sensitivity to light than 
some of newer RBCs [25,33]. For example, 
Ivocerin initiator added to TNCBF, based on 
Moszner [22] and Bucuta [27] studies, is 
more effective than CQ. This phenomenon is 
due to the fact that in Ivocerin, germanium 
is used which is more sensitive to light than 
other initiators. Therefore, the use of Ivocerin 
can be attributed to higher DC of BF than 
universal.

According to the results of the present 
study, the mean DC of two RBCs with 2 mm 
thickness is more than 4 mm. Of course, this 
difference is statistically insignificant. The 
RBCs are polymerized to a depth that light 
is penetrated, so with increasing thickness, 
light cannot penetrate into the depth of 
the composite. A study showed that all BF 
RBCs could have a high DC at up to 3 mm 
thickness [34]. In a study by Jain et al., in all 
BF RBCs, DC decreased from 2 mm to 4 mm 
thickness [17]. However, another study using 
FTIR to determine the DC at 1mm depths of 
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two types of BF RBCs showed that in Smart 
Dentin Replacement (SDR) composite, DC of 
the samples remained unchanged in 1-4 mm 
thicknesses [15]. However, a study showed 
that by increasing composite thickness, more 
curing time is needed to obtain the desired 
DC [10]. Various studies have shown that 
DC level reduces from top surface to bottom 
surface [17]. However, in the present study, 
DC of powdered sample was measured under 
FTIR, which could represent the actual DC of 
each 2 mm or 4 mm layer.

In the present study, no significant 
difference was found between two storage 
times. In most studies, it has been shown that 
5 min after light curing, composite DC may 
not be adequate and some post polymerization 
conversion can occur within 24 hours [29]. 
With increasing the viscosity of the composite 
mass, the polymerization reaction rate is 
reduced and so post-cure polymerization 
continues slowly until free radicals become 
immobilized. Therefore, DC values do not 
reach 100 % [15].

A study by Par et al. showed that some 
of the chemical components used in some of 
BF RBCs may increase DC after 7 days. They 
stated that their study results should not be 
generalized to all types of BF RBCs, because 
each RBC has different components [15]. 
According to the results of our study, since 
no difference is found between DC of 1d and 
7d, 1d DC is sufficient for clinical procedures, 
such as polishing, and the laboratory study of 
mechanical properties of BF RBCs. However, 
further studies examining other BF RBCs and 
effect of different shades, initiators and fillers 
on DC are needed.

CONCLUSION
Regarding the limitations of the present 

study and determination of DC using FTIR, 
the following can be deduced:

• No significant difference is found 
between DC of TNBF and TNC;

• In both RBC, after 7d, DC did not have 
a significant difference with 1d, so procedures 
such as polishing and laboratory tests can be 
done 1d after light curing;

• Composite thickness and storage time 
have not a significant effect on DC of bulk-fill 
and universal RBCs.
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